Luan-Pao-Prescription is a famous Chinese herbal formula, which is commonly used for the treatment of female sterility in clinical practice in China. In the present paper, a reliable method based on liquid chromatography coupled with electrospray ionization tandem mass spectrometry in both positive and negative ion modes has been established for the analysis of major chemical constituents in Luan-Pao-Prescription. A total of 34 compounds were either identified or tentatively characterized. These compounds include flavonoids, anthraquinones, iridoids, xanthones and organic acids. Flavonoids were the major constituents of the formula. The results profiled the chemical composition of Luan-Pao-Prescription comprehensively for the first time.
High performance liquid chromatography coupled with tandem mass spectrometry is becoming one of the most powerful techniques for the rapid identification of constituents of complex systems [1] - [7] . HPLC is an efficient means for separation of chemical components in a mixture, and MS n spectra provide abundant information for structural elucidation of the compounds. Therefore, HPLC/MS n facilitates rapid and accurate identification of chemical compounds in TCM, especially when a pure standard is unavailable.
In our previous study, binary chromatograms for the determination of 14 major constituents of LPP were developed using reverse-phase HPLC/DAD [8] . However, it was not enough for the quality control of this TCM. Therefore, a newly established HPLC/MS n method was applied for the fast and comprehensive analysis of the constituents of the water extract of Luan-Pao-Prescription. For phenolic compounds, electrospray ionization (ESI) is a preferred method (10) , 529 (7) , 517 (16) , 501 (14) , 487(21), 458(43), 457(100), 442 (10) , 398 (8) , 367 (10) , 349 (6) , 337(95) MS 3 (14) , 379 (7) , 367(57), 349 (6) , 337(51) MS 3 [547→457]: 337(100) MS 4 [547→457→337]: 337 (7) , 309(100), 307 (6) , 281(40), 191 (14) , 165 (7 
(c) Positive

Characterization of the compounds belonging to Huangqin:
There have been some reports on the qualitative analysis of the constituents of Huangqin using HPLC/MS [14] , [15] . These results made it easier for us to characterize the compounds belonging to Huangqin in LPP. Baicalein (26) and wogonin (29) gave significant [M−H] − ions in the negative ion mode at m/z 269 and 283, respectively. The MS/MS spectrum of baicalein showed the base peak at m/z 251, originating from the elimination of a molecule of H 2 O (18 Da), due to the presence of two OH groups in ortho positions (Scheme 1). In the MS/MS spectrum of wogonin, the base peak was observed at m/z 268, which gave a predominant ion at m/z 239 in MS 3 , resulting from a loss of CO followed by a hydrogen atom (Scheme 1). Baicalin (11) [17] , [18] , and the differences are shown in Table 3 . The data were also confirmed by comparison with pure standards.
The full scan MS of compound 9 displayed a [M−H] − ion at m/z 623. Its MS/MS spectra gave ions at m/z 461 and 315, suggesting sequential losses of glucosyl (162) and rhamnosyl (146) residues. The fragmentation behavior matched that of isorhamnetin-7-O-rha-glu [15] . compound 23 was tentatively identified as baicalin methyl ester.
Compound 25 yielded a [M−H] − ion at m/z 299. The MS 2 indicated the existence of a -CH 3 group. The MS n spectra were similar to that of wogonin. Based on this information, 25 was tentatively identified as 4'-hydroxywogonin [15] . Compound 32 gave a [M+H] + ion at m/z 345 in positive ion mode. By analyzing its MS n spectra, it was concluded that the compound contains three -OCH 3 groups, which resulted in the ions at m/z 330, 315 and 300. By examining the known flavones in S. baicalensis, 32 was tentatively identified as tenaxin I [15] .
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Dahuang: Compound 1 showed a [M−H] − ion at m/z 169. The MS 2 spectrum produced a base peak at m/z 125, suggesting the presence of a -COOH group. The CID of 1 gave ions consistent with gallic acid and thus this identification was tentatively given to it; confirmation was obtained by comparison with a pure standard.
Compound 33 gave a [M−H] − ion at m/z 269. The fragmentation was initiated by the elimination of CO to produce an ion at m/z 241, followed by the loss of one hydroxyl group to give a m/z 225 ion. Compound 27 gave two ions at m/z 257 and m/z 239 in the MS 2 spectrum, suggesting the degradation of the benzene ring (−C 2 H 2 ) and elimination of a carboxyl group (−CO 2 ). The CID of these two compounds was consistent with emodin and rhein, respectively. Thus, compounds 33 and 27 were tentatively identified as emodin and rhein. Their structures were confirmed by comparison with pure standards. Compound 34 gave no response in either negative or positive ion modes. However, it was identified as chrysophanol by comparing its UV spectrum and retention time with those of the reference standard. Figure  2 ). By examining known compounds, two xanthones, mangiferin and isomangiferin were consistent with the above data. Compound 3 was identified as mangiferin by comparison with a pure standard. Accordingly, compound 4 was tentatively identified as isomangiferin. Compound 28 gave a [M+H] + ion at m/z 515, and in its MS n spectrum an ion for [M+H−rha] + at m/z 369, consistent with that of icariside II. Thus, compounds 12, 16, 18 and 28 were tentatively identified as epimedin A, epimedin C, icariin and icariside II, respectively. These identifications were confirmed by comparison with pure standards.
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Conclusion
In this study, a simple and reliable HPLC/MS n method has been developed for the analysis of the main components of Luan-Pao-Prescription in positive and negative ion modes. A total of 34 compounds were either identified or tentatively characterized, involving 25 flavonoids, 5 anthraquinones, 1 iridoid, 2 xanthones and 1 organic acid. The present method could comprehensively reveal the main chemical constituents of Luan-Pao-Prescription. The procedure also sets a good example for the rapid identification of the main constituents in this Chinese herbal formula.
Experimental
Chemicals: Gallic acid, morroniside, baicalin, wogonoside, baicalein, wogonin, mangiferin, epimedin A, epimedin C, icariin, rhein, emodin, chrysophanol, chrysin-6-C-ara-8-C-glu, chrysin-6-Cglu-8-C-ara, and oroxylin A were isolated from the water extract of Luan-Pao-Prescription by the authors. Their structures were fully identified by nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry. Their purities were over 98%, determined by HPLC/UV analysis. The extract of Luan-Pao-Prescription was provided by Green Valley Pharmaceutical Co., Ltd. (Shanghai, China).
HPLC-grade acetonitrile (Fisher, Fair Lawn, NJ, USA) and ultra-pure water were used for all analyses. The agent for sample preparation and formic acid used in the mobile phase were of AR grade, purchased from Beijing Chemical Corporation (Beijing, China).
Sample preparation:
The powder of Luan-Pao-Prescription (about 0.1 g) was extracted with 10 mL of 75% methanol in water (v/v) for 45 min in an ultrasonic bath under the frequency of 42 kHz. The lost weight of the extracted solution was compensated prior to filtration through a 0.45 μm membrane filter unit. The filtrate was used for analysis.
HPLC conditions:
The analyses were performed using an Agilent series 1100 HPLC system (Agilent, Waldbronn, Germany) equipped with a quaternary pump, a diode-array detector (DAD), an autosampler, and a column compartment. The samples were separated on a Zorbax SB-C18 column (5 μm, 250 × 4.6 mm, Agilent). The mobile phase consisted of acetonitrile (A) and water containing 0.2% (v/v) formic acid (B). A gradient program was used as follows: a linear gradient from 8% A (v/v) to 15% A in the first 14 min, then to 30% over 13 min, to 55% over 17 min, to 80% over the last 16 min. The mobile phase flow rate was 1 mL/min, and the column temperature was set at 30ºC. The DAD recorded UV spectra in the range from 190-400 nm, and the HPLC chromatogram was monitored at 254 and 276 nm.
Mass spectrometry:
For HPLC/MS analysis, a Finnigan LCQ Advantage ion trap mass spectrometer (ThermoFinnigan, San Jose, CA, USA) was connected to the Agilent 1100 HPLC instrument via an ESI interface. The LC effluent was introduced into the ESI source in a post-column splitting ratio of 2:1. Ultrahigh-purity helium (He) was used as the collision gas and high-purity nitrogen (N 2 ) as the nebulizing gas. The MS detector was optimized by injecting a 5 μL/min flow of pure standards (0.1 mg/mL in methanol) to obtain maximum intensities of [M−H] − and [M+H] + ions. The optimized parameters in the negative ion mode were as follows: ion spray voltage, 4.0 kV; sheath gas (N 2 ), 40 arbitrary units; auxiliary gas (N 2 ), 10 units; capillary temperature, 300°C; capillary voltage, −14 V; tube lens offset voltage, −20 V. Parameters in the positive ion mode were: ion spray voltage, 4.5 kV; sheath gas (N 2 ), 40 arbitrary units; auxiliary gas (N 2 ), 10 units; capillary temperature, 300°C; capillary voltage, 20 V; tube lens offset voltage, 15 V. For full scan MS analysis, the spectra were recorded in the range of m/z 160-1600. A data-dependent acquisition was set so that the most abundant ions in full scan MS would trigger tandem mass spectrometry (MS n , n = 2-4). The collision energy for MS n was adjusted to 40% in LC/MS analysis, and the isolation width of precursor ions was 3 mass units.
